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Abstract: The anthropogenic activities and changed agricultural system, intense use of chemical fertilizers and 
artificial irrigation have increased abiotic stresses and caused yield losses annually to a greater extent. To 
overcome the yield losses due to abiotic stresses, plants need to possess mechanisms of avoidance and tolerance 
to stress. Abiotic stresses such as, heavy metals, salinity, drought, temperature, UV-radiation, ozone, cause 
drastic yield reduction in most crops. Plants have complex and dynamic systems of response to stress. Salt sterss 
affects around 20% of the world’s cultivated areas. High salt concentration damages the activity of various 
enzymes, like peroxidase. Salicylic acid (SA) plays an important role in response to biotic and abiotic stress. Pre-
treatment of barley seeds with SA may cause a low level of oxidative stress, improving the antioxidative 
capacity of the plants. SA can increase their tolerance to salt stress induced by 200 mM NaCl treatments. 
 The aim of this study was to determine the effect of pre-treatment of barley seeds with 0.1 mM 
concentration of salicylic acid (SA) solution on growth, and peroxidese activity of barley seedling under salt 
stress. 
 
INTRODUCTION 
 
The anthropogenic activities and changed agricultural system, intense use of chemical 
fertilizers and artificial irrigation have increased abiotic stresses and caused yield losses 
annually to a greater extent. To overcome the yield losses due to abiotic stresses, plants need 
to possess mechanisms of avoidance and tolerance to stress. Abiotic stresses such as, heavy 
metals, salinity, drought, temperature, UV-radiation, ozone, cause drastic yield reduction in 
most crops (Khan, Nafees A., S., Sarvajeet, 2007). To overcome the yield losses due to 
abiotic stresses, plants need to possess mechanisms of avoidance and tolerance to stress.  
Salt stress destroys the homeostasis in the water potential and ionic distribution at both 
cell and whole plant level. This change causes damage of growth. High level of salt 
concentration damages the functioning of the photosynthetic apparatus and the activity of 
various enzymes (Hayat S., Ahmad A., -2007).  
 One of the new plant growth regulators is Salicylic acid and its derivates like 
Acetylsalicylic acid. They could be raised to the status of the above phytohormones because 
they have a significant impact on the various aspects of the plant life (Hayat and Ahmad, 
2007). Salicylic acid (SA) plays an important role in response to biotic and abiotic stress.  
The application of exogenous SA enhanced the drought and salt stress resistance of 
plants. During the germination period a considerable increase was observed in proline levels 
(up to 185% in T. aestivum and about 128% in H. vulgare) in the seedlings subjected to saline 
stress (Hanan E. Deef, 2007). 
Salicylic acid pre-treatment also provided protection against salinity in tomato plants, 
probably due to the increased activation of aldose reductase and APx enzymes and the 
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accumulation of osmolytes, such as sugar, sugar alcohol or proline (Tari et al., 2002;2004; 
Szepesi et al., 2005). 
The soaking of wheat (Triticum aestivum L.) seeds in 0.05mM SA also reduced the 
damaging effects of salinity on seedlings growth and accelerated the growth processes 
(Shakirova et al., 2003).  
The aim of this study was to determine the effect of pre-treatment of barley seeds with 
0.1 mM concentration of salicylic acid (SA) solution, on growth and peroxidase activity of 
barley plants under salt stress induced by 200 mM NaCl treatments. 
 
MATERIAL AND METHODS 
 
      Sample preparation:   Surface sterilized barley seeds (Hordeum vulgare L.,) were soaked 
for 6 h in water or in 0.1 mM salicylic acid. 
      The germination was made in plastic recipients, on a filter paper, moistened with 20 ml 
treatment solution: 
- control lot (C) – 6 h soaked in water and germination in water.  
- Sample 1 (S1) – 6 h soaked in water and germination  in 200 mM NaCl solution; 
- Sample 2 (S2) – 6 h soaked in Salicylic acid and germination in 200 mM NaCl 
solution.  
Each treatment consisted of 3 plastic recipients each containing 20 seeds. The 
germination was made at room temperature. Every day, the quantity of solution from the 
recipients was brought to the level of 20 ml. The germination temperature was around 20-
23˚C.    
Growth measurement:     
For the biometrical determination we measured the length of the roots and shoots of 10 
barley seedlings, after 3; 5 and 7 days of germination, and we made 3 repetitions for each 
determination. 
Plant growth was estimated measuring accumulation of root and shoot weight, after 
drying the plants material at 70°C for 72 h. Relative water content was also measured and 
express according to the following equation: 
 
RWC (%) = (FW -DW) / FW x 100 
 
Peroxidase determination:  
Preparation of enzyme extract: 0,5g for each sample separately (roots and shoots)  were 
collected from each variant,  48 and 72 hours of grains put on germination, and were blended 
with 4ml phosphate buffer solution, pH 7.0, diluted 1:9 with distilled water, cooled at 4˚C.  
    The samples were centrifuged at 10000 rpm, for 15 minutes at 4˚C, and supernatant was 
separated. The extract is kept in the refrigerator, for 2 hours for stabilizing and expressing 
enzyme activity.  
      Enzyme assay: peroxidase activity (POX) was determined at 483nm wavelength, with 
Shimadzu– UV-mini – 1240 spectrophotometer, using phosphate buffer of 7.0 pH, hydrogen 
peroxide as substrate and p-phenilendiamine as chromogen (Hans-Luck, 1970 modified by 
Sipoş et al. 2003). The extension for each sample was noted after 30 seconds of reaction 
period. For each extract four determinations were made. 
The results obtained were statistically processed using the “t- test” and the Prisma 5 
computer program for Windows.  
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RESULTS AND DISCUTION 
 
Studying the length of the roots and shoots of the barley seedlings obtained from the 
germination of the barley seeds under laboratory conditions, after 3; 5 and 7 days of 
germination,  we observed that the salt treatments significantly reduces growth in length and 
the relative water content of the barley plantlets. In case of the seeds pre-treated with SA 
solutions of 0.1 mM the negative effect of salt stress was reduced therefore the growth in 
length was insignificantly reduced or only significantly in comparison with the control lot, 
and RWC was insignificantly reduced (table 1). 
 
Table 1. Effect of Salicylic acid pre-treatment on the  length (mm) and on relative water content (RWC %) of 
barley (Hordeum vulgare) seedling (root and shoot). 
Day of germination Parameters Control lot S1 (salt) S2 (SA + salt) 
Seedling length (mm) 51.3± 1.1 40.3± 1.5 *** 49.8± 2.0  ns 3 
RWC % 35.2 ± 1 32.6 ± 0.8 * 33.6 ± 1.1 ns 
Seedling length (mm) 127.7 ± 3.1 93.2± 1.9*** 123.5 ± 2.7 ns 5 
RWC % 43.8 ± 2 39.4 ± 1.8 * 42.6 ± 1.9 ns 
Seedling length (mm) 141.5 ± 1.8 75.6 ± 1.4*** 136.3 ± 1.8* 7 
RWC % 58.7  ± 2.1 50.2 ± 2.5 * 57.6 ± 2.8 ns 
p>0,05= non-significant; p<0,05 * significant; p<0,01=** distinctly significant; p<0,001=*** very  
significant in comparison with control lot. 
 
Table 2. Effect of Salicylic acid pre-treatment on the  peroxidase activity in barley (Hordeum vulgare) seedling 
roots 
Extinction of enzymes extract  Day of germination 
Control lot S1 (salt) S2 (SA + salt) 
3 0.336 ± 0.04 0.457 ± 0.03 *** 0.342 ± 0.004 ns 
5 0.636 ± 0.02 0.852 ±  0.035 *** 0.665 ± 0.02 ns 
7 0.886 ± 0.02 0.921± 0.02 * 0.878 ± 0.017 ns 
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Fig.1. Percentage differences of the extinction which reflect the intensity of the peroxidase activity in the roots 
of barley seedlings under salt stress condition, treated or untreated with Salicylic acid.  
 
In the case of samples treated with a 200 mM NaCl solution, there was an increase of 
the peroxidase activity ( between 3.9 and 36%, in comparison with the control lot), in the 
roots of  barley plantlets. 
  Pre-soaking the seeds for 6 h in a 0.1 mM SA solution significantly reduced the 
increase of the peroxidase activity in the 3rd and 5th days of germination (between 1.8 and 
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4.5%, in comparison with the control lot), and in the 7th day it even determined a decrease of 
this enzyme’s activity (with 1% from control lot). 
 
CONCLUSION 
 
 The analysis of the results obtained in this study shows that salt induced stress inhibits 
the growth parameters in barley plantlets not treated with SA and determines an increase in 
peroxidase activity.  
 Exogenous applications of SA induced an increase in growth parameters. The 
peroxidase activity in the roots of barley seedling was significantly lower than in untreated 
plants.  
 SA application as a pre-sowing seed treatment enhanced salt tolerance in barley plants. 
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